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Abstract 
About 90 percent of human activities are in indoor environments. A need for indoor 
navigation requires Location-Based Services (LBS). The LBS should be able to help 
people find the best route inside a building under all circumstances and with high 
reliability, supporting users to navigate to all indoor spaces on every level of a building.  
The current research has been focusing on technologies and applications for LBS. 
There is little work on a standard for LBS. This research contributes to a new LBS standard 
using ontology theory. Two ontologies are developed in this thesis. Firstly, a Multi-level 
Indoor Navigation Ontology is developed. This ontology builds the standard for LBS in 
multi-level indoor environments and considers the building status of emergency and 
normal states for user navigation.  This ontology is designed to present environmental 
attributes including location nodes, connection points, and building status in a multi-level 
building. Indoor location nodes with location information allow for navigation within a  
building, with connection points which can separate the map zones and the building floors. 
Secondly, an ontology for finding lost property in a multi-level indoor space is developed 
as a sub-level standard in an LBS application. These two ontologies are validated using 
experiments using an iBeacon network in a high-rise building.     
 












viii | P a g e  
 
List of Figures 
Figure 1.1. Deployment view of an indoor navigation for LBS 6 
Figure 1.2. Multi-level indoor structure for user navigation 6 
Figure 1.3. The floor of a building 7 
Figure 1.4. The research methodology 8 
Figure 2.1. Relationship of IoT technology include devices, resources  
and services 18 
Figure 2.2. Modularization of ontologies depending on the scope and  
partial ordering defined by inheritance 23 
Figure 3.1. The overview of the indoor navigation process 28 
Figure 3.2. Multi-Level Indoor Navigation Ontology 29 
Figure 3.3. Concept of node (a) map and nodes (b) nodes and links 33 
Figure 3.4. Map sheet, and connection to different levels of the building 34 
Figure 3.5. Algorithm of Multi-Level Indoor Navigation Ontology 35 
Figure 3.6. Indoor positioning using device location and user mobile location 36 
Figure 3.7. Process to compute the mobile node position 37 
Figure 3.8. Algorithm of calculating the mobile node position 37 
Figure 3.9. Geo-fencing process 39 
Figure 3.10. Nodes and links on the emergency 40 
Figure 3.11. Computing of current mobile node position 41 
Figure 3.12. Top view of nearby places of the current mobile node position 42 
Figure 3.13. Vertical view of nearby places of the current mobile node position  42 
Figure 3.14. Way finding of regular route on the top view 43 
Figure 3.15. Way finding of regular route on the vertical view 44 
Figure 3.16. Way finding of emergency route on the top view 45 
Figure 3.17. Way finding of emergency route on the vertical view 45 
Figure 4.1. The lost property and BLE devices on map 48 
Figure 4.2. The route on map present with all nodes 49 
Figure 4.3. The route on map present with all nodes 50 
Figure 4.4. Indoor Space Ontology for Finding Property 52 
Figure 4.5. Diagram for using the Multi-Level Indoor Navigation Ontology  
for Finding the Lost Property 55 
 
 
ix | P a g e  
 
Figure 4.6. Three BLE devices to compute the current location 55 
Figure 4.7. Compute the user’s current position process 56 
Figure 4.8. Determine the property location 57 
Figure 5.1.  All iBeacon devices for the experiment 61 
Figure 5.2. The mobile phone used for data collection “LG Nexus 5” 62 
Figure 5.3. Building 11, Faculty of Engineering and Information 
Technology, UTS 63 
Figure 5.4 Using the tripod for data collection 64 
Figure 5.5. Attaching iBeacons on the wall inside the building 64 
Figure 5.7. Collected data in csv file 65 
Figure 5.8 Example of nodes on the map 66 
Figure 5.9. The route to Room 11.04.202 on Level 4 (Case 1) 70 
Figure 5.10. The node name of route to Room 11.04.202 on Level 4 (Case 1) 70 
Figure 5.11. The normal route to Room 11.04.202 on Level 4 (Case 1) 72 
Figure 5.12. The emergency route to Room 11.04.202 on Level 4 (Case 1) 73 
Figure 5.13. The route from Level 5 to Room 11.04.401 on Level 4 (Case 2) 74 
Figure 5.14. The route node from Level 5 to Room 11.04.401  
on Level 4 (Case 2) 75 
Figure 5.15. The normal route from Level 5 to Room 11.04.401  
on Level 4 (Case 2) 77 
Figure 5.16. The normal route from Level 5 to Room 11.04.401  
on Level 4 (Case 2) vertical view 78 
Figure 5.17. The emergency route from Level 5 to Room 11.04.401 
on Level 4  (Case 2) 78 
Figure 5.18 The route from Level 4 to Room 11.06.103 on Level 6 (Case 3) 79 
Figure 5.19. The route node from Level 4 to Room 11.06.103  
on Level 6 (Case 3) 80 
Figure 5.20. The normal route from Level 4 to Room 11.06.103 
on level 6 (Case 3) 82 
Figure 5.21. The normal route from Level 4 to Room 11.06.103  
 
 
x | P a g e  
 
on Level 6 (Case 3) vertical view 83 
Figure 5.22 The emergency route from Level 4 to fire exit on Level 6 (Case 3) 83 
Figure 5.23 The emergency route from Level 4 to fire exit on Level 6 (Case 3)  
vertical view 84 
Figure 5.24 Example showing the calculation of the current mobile  
position with the real position 84 
Figure 5.25 Error distance 85 
Figure 5.26 Range of RSSI signal in 20 measurements 85 
Figure 5.27. Sticking iBeacon on the objects 86 
Figure 5.28. Setup device for experiment 89 
Figure 5.29. The route to Room 11.04.200 on Level 4 (Case 1) 90 
Figure 5.30. The node route to Room 11.04.200 on Level 4 (Case 1) 90 
Figure 5.31. The route of validation on Matlab, from current position to  
Room 11.04.200 on Level 4  92 
Figure 5.32. The route from Level 5 to Zone 3 on Level 4 (Case 2)  93 
Figure 5.33. The node route from Level 5 to Zone 3 on Level 4 (Case 2) 94 
Figure 5.34. The normal route of validation from Level 5 to Zone 3 on  
Level 4 (Case 2) 96 
Figure 5.35. The route from Level 4 to Room.11.07.200-217 on Level 7 (Case 3) 97 
Figure 5.36 The node route from Level 4 to Room.11.07.200-217 on  
Level 7 (Case 3) 98 
Figure 5.37. The validation of normal route from Level 4  to Room.11.07.200-217  
on Level 7 (Case 3) 100 
Figure 5.38. The validation of normal route from Level 4 to Room.11.07.200-217 
on Level 7 (Case 3) vertical view 101 
Figure E.1. Map of Level 4  124 
Figure E.2. Map of Level 5 124 
Figure E.3. Map of Level 6 125 
Figure E.4. Map of Level 7 125 
 
 





xii | P a g e  
 
List of Tables 
Table 3.1. Attributes of building class 29 
Table 3.2. Attributes of location 30 
Table 3.3. Attributes of node class 30 
Table 3.4. Attributes of category class 31 
Table 3.5. Attributes of route class 31 
Table 3.6. Attributes of link class 31 
Table 3.7. Terminologies for Some Attributes in Ontology 32 
Table 4.1. Terminologies for Some Attributes in Ontology 53 
Table 4.2. Attributes of Property Class in Ontology 54 
Table 5.1. Ontology experiment 60 
Table 5.2. Three Test Cases in two states 68 
Table 5.3. Test Results for Test Case 1 71 
Table 5.4. Test Results for Test Case 2 76 
Table 5. 5. Test Results for Test Case 3 81 
Table 5.6. Test Case design 88 
Table 5.7. Experiment result in Test Case 1 91 
Table 5.8. Experiment result in Test Case 2 95 
Table 5.9. Experiment result in Test Case 3 99 
Table A.1. Estimate iBeacon datasheet 117 
Table B.1. Definitions of acronyms 118 
Table C.1. Definitions of requirement code 120 
Table D.1. Definitions of example nodes 121 
Table F.1 Detail of LG Nexus 5    126 
 
 
